SUMMARY: We study the local variation of the geomagnetic field measured by the Huancayo Geomagnetic Observatory, Peru, during 2001-2010. Initially, we sought to relate the SFI values, stored daily in the NOAA's National Geophysical Data Center, with the corresponding geomagnetic index; however, no relation was observed. Nonetheless, subsequently, a comparison between the monthly geomagnetic-activity index and the monthly SFI average allowed observing a temporal correlation between these average indices. This correlation shows that the effect of the solar flares does not simultaneously appear on the corresponding magnetic indices. To investigate this, we selected the most intense X-class flares; then, we checked the magnetic field disturbances observed in the Huancayo Geomagnetic Observatory magnetograms. We found some disturbances of the local geomagnetic field in the second and third day after the corresponding solar flare; however, the disturbance strength of the local geomagnetic field is not correlated with the X-class of the solar flare. Finally, there are some disturbances of the local geomagnetic field that are simultaneous with the X-class solar flares and they show a correlation with the total flux of the solar flare.
INTRODUCTION
From the Carrington flare of September 1859 (Shea et al. 2006) , the scientific community boosted research on a relation between the solar activity and disturbances of the geomagnetic field. Nowadays, many investigators consider that there is no direct connection between solar flares and geomagnetic disturbances.
The study of the solar activity in its different manifestations has a very important role because the Sun strongly influences climate, telecommunications and life on Earth (Bai and Sturrock 1989, Cui et al. 2006 , Meza et al. 2009 ). Specially, solar flares are capable of radiating far ultraviolet rays as well as hard and soft x-rays; usually, these flares also are capable of releasing solar material toward the Earth, what eventually produces geomagnetic disturbances (Foukal 2004, Remanan and Unnikrishnan 2014) . Furthermore, the geomagnetic activity also stems from several phenomena linked to the interplanetary magnetic field and galactic cosmic rays (Stamper et al. 1999) ; to the solar wind and coronal mass ejections (CMEs) (Legrand and Simon 1989a ,b, Gosling 1993 , Youssef 2012 , and to others (Legrand and Simon 1989a ,b, Tsurutani et al. 1985 , Stamper et al. 1999 .
On the other hand, Cliver and Hudson (2002) conclude that it is not well established how the solar flares affect the geomagnetic activities. However, studies carried out by Du and Wang (2012) describe connections between the geomagnetic activity and the parameters of flare; they considered 13 months to be the scale of the mean response time; the delay time between the peaks of both is predicted about 47%. A similar result was found by Howard and Tappin (2005) , who, by using CMEs data, found a dependence between the X-class flares and Ap and Dst indices for geomagnetic storms (Dst stands for disturbance storm time). Nonetheless, in these works, a direct connection of the solar flare intensity with the variation of the geomagnetic field was not shown.
To study the geomagnetic field we use the Indices of Global Geomagnetic Activity Ap (Rangarajan 1989, Siebert and Meyer 1996) , and to analyze the local geomagnetic field we use magnetograms measured by the Huancayo Geomagnetic Observatory (HGO), which is operated by the Geophysical Institute of Peru, Rosales Corilloclla et al. (2011) . The HGO is located at 12
• 02 28.69 south latitude and 75
• 19 14.11 west longitude, with an altitude of 3314 meters above the mean sea level; the HGO has an inclination-declination MAG-01H Fluxgate magnetometer, Bartington model, and a proton precession magnetometer, too. Since the first magnetogram, obtained in March 1922, it was a surprise to find that the diurnal variation of the geomagnetic field was more than twice the expected, and much larger than the observed in other observatories located in similar geographical latitudes (Giesecke and Casaverde 1998) .
DATA
We have divided the information about the used data into five parts.
The local geomagnetic field
The values obtained through the HGO magnetograms are recorded every minute, and they are available on the website of the Geophysical Institute of Peru.
These data are also sent to the world net of observatories INTER-MAGNET, and they are available on its website http://www.intermagnet.org/data-donnee/data plot-eng.php.
After a treatise with NOAA, NOAA's NCEI can obtain these data directly from INTERMAGNET and store them in WDC-A; NCEI means National Centers for Environmental Information (NCEI 2015) and WDC-A, World Data Center-A. The former NGDC was recently merged into the NCEI; NGDC stands for National Geophysical Data Center.
The HGO measures the horizontal and vertical components of the geomagnetic field. For this work we have selected magnetograms corresponding to [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] . The monthly selection of the magnetically quietest days and the magnetically most disturbed days (Q-days and D-days, respectively), is based on a statistical criterion of the global geomagnetic storm indices Kp (Mayaud 1980 ). To find out a possible correlation between solar flares and the geomagnetic field behavior, graphs corresponding to 3 652 days have been studied.
Undisturbed diurnal variation
To identify the magnetic disturbances corresponding to solar flares, we firstly need to recognize the shape and maximum mean value of the diurnal variation of H in normal quiet days. For this reason, we take as reference values the quiet days stored by the Data Analysis Center for Geomagnetism and Space Magnetism, Kyoto University (DACGSM 2015) . For each month this database has ten magnetically quietest days and five magnetically most disturbed days, which allow us to notice the behavior of the diurnal variation in the HGO data and to select those having the least possible disturbance caused by some external phenomenon.
In Fig. 1 , we have the shape of the diurnal variation in the magnetic field observed by the HGO. The variation of H, the blue color line, is shown as a steeper curve at local noon, and with a mean amplitude ranging between 100 and 200 nT. By having the mean shape of the diurnal variation in the HGO, we can identify the local geomagnetic-disturbance days during 2001-2010 in the registered magnetograms.
Flare indices
In searching to quantify the daily flare activity over 24 hours per day, Kleczek (1952) introduced the solar flare index defined as Q=it, where i represents the intensity scale of importance of a flare in Hα images (Table 1) and t is the flare duration measured in minutes (Knǒska and Petrásek 1984, Ataç andÖzgüç 1998) . This relationship is assumed to give roughly the total energy emitted by a flare. Solar flare indices were extracted from the database of the NOAA's NCEI (NOAA-flares 2015), which provided us the flare indices throughout the solar disk during 2001-2010. The annual tables of the flare indices furnished us with the corresponding daily values, the monthly mean, and also the yearly mean over the period being studied. Because the local geomagnetic-field disturbances can be caused by different phenomena, whether atmospheric or solar, we will take into account only the highest data of the flare indices. However, we need to set a minimum value which can be used as a gauge to consider a flare as outstanding. This value is selected by considering the respective highest values of the indicators for the size and brightness representing the flare (Table 1) ; size and brightness are obtained from the Hα image. Area>24.7 Area>2400 f,n,b *The actual area is measured in square degrees. The apparent area is measured in millionths of the solar disk. Table 2 shows the conversion between the intensity scale of importance and the intensity scale of importance of a flare. By considering a flare having the greatest size (4) and one having the greatest brightness (b), we have a flare 4b with optical importance coefficient i=4.0. For a minimum duration of t=1 minute, we get index SFI=4; this reference value limits the study to the brightest flares having area greater than 2400 millionths of the solar disk after elapsing one minute.
Magnetic activity indices Ap
To study the Earth's magnetic field, we use Kp and Ap indices. The Kp magnetic index is a code associated with the maximum fluctuations of the geomagnetic-field horizontal component (H ) observed in a magnetometer relative to a quiet day; whereas, the Ap magnetic index is a planetary index, which arose from the need to obtain daily information on the global geomagnetic behavior.
To relate the daily performance of the flare index with daily changes of the global magnetic field during 2001-2010, we use as reference the global geomagnetic activity index Ap, daily and monthly (Mayaud 1980) , which was obtained from the World Data Center for Geomagnetism, Kyoto University. For the period being studied, we selected 74 dates presenting an index Ap>48, whose value is related to the existence of geomagnetic storms (Remanan and Unnikrishnan 2014). For the HGO magnetograms satisfying this condition, in dates corresponding to a global geomagnetic storm, we verified an anomalous local change in the geomagnetic field registered by the HGO. This selection allows us to relate Ap values with those corresponding to SFI on the same dates (Fig. 2) .
X-class flares
NOAA has a database of solar flares along with its X-ray intensity as a function of time, indicating start, end, and the maximum peak of the flare (NOAA-NGDC 2015) . This classification of Xray flares are X, M, C, B and A according with their strength. In this work, we considered only X-class flares having a large intensive radiation, and presumably a large emission of particles too. In the data collected, we identify 87 X-class flares during 73 dates in the period studied.
ANALYSIS AND RESULTS
Seeking clarity, we have separated this section into four blocks.
Connection between the daily SFI index and HGO magnetograms
For 2001-2010, we found 489 dates wherein SFI>4 holds. For these days we revised the HGO magnetograms, and we detected only 267 days when the local geomagnetic field was disturbed; this represents 54.6% of the data, whereas nearly half (45.4%) did not record a disturbance.
This result indicates that either the value adopted SFI>4 is still too small to ensure that there is a disturbance of the local geomagnetic field or all the flares do not produce disturbances that are detected at the HGO. This detection can also depend on the flare location on the solar disk. Another possible explanation would be that the effect of the flares does not manifest instantly in the HGO magnetometers.
Fig. 2. Daily Ap values (≥48) corresponding to 74 dates of geomagnetic storms as well as their corresponding SFI indices.
Therefore, since the flare index does not provide accurate information about the emergence of a flare (such as start and end), this index is not enough to study the local perturbation of the geomagnetic field.
Connection between daily SFI and Ap indices
For the period being studied, 74 dates having Ap≥48 were selected from the Ap index database. This value is associated with the existence of geomagnetic storms. In analyzing all the days of global geomagnetic storms, we verified that there is an anomalous local behavior in the magnetograms. This allowed us to relate the daily Ap indices with their corresponding SFI indices (Fig. 2) . In this figure, we observe that there is no relation between the two data.
Therefore, the daily SFI and Ap indices are not adequate to find any relationship between the two data.
Connection between monthly SFI and Ap indices
To prove that the events already mentioned are not necessarily simultaneous, we proceed to compare the SFI and Ap indices, but now by using their monthly average. We take the monthly average of both indices and plot them as a function of time; thus, in Fig. 3 we see a strong correlation between the monthly indices, specifically for values of SFI>2 and Ap>10. Although the values of both indices have been reduced because of the monthly mean, we realize that most of the peaks of both indices coincide. Therefore, this result shows that the solar flare events and the local magnetic disturbance are not simultaneous; however, they have a time delay.
One possible explanation is that the discharges triggered by a solar flare, like the release of particles or CMEs, take days to reach the Earth. This would partially explain why 45.4% of the HGO magnetograms shows no disturbance on the same date, even though the daily SFIs have high values. 
X-class flares and the variation of the H horizontal component of the geomagnetic field
We have found that solar flare events are not necessarily simultaneous with the local perturbation of the geomagnetic field. Thus, we now look at Huancayo data which have disturbances after the date of the corresponding solar flare.
We selected the most intense flares according to their X-class classification; we identified 87 solar flares having a total flux higher than 10 −4 W/m 2 , all in 73 dates during 2001-2010. These solar flares are shown in Table 3 . Therein it is indicated the date; start time, end time and maximum peak time (at UT); and the corresponding X-class. We analyze the HGO magnetograms until three days after each flare. In 52 dates, after the occurrence of a solar flare, we found notable disturbances in the local geomagnetic field (Table 4) ; likewise, in other 9 dates, three days after the flare (Table 5 ). This represents approximately 83% of the 73 dates. To estimate the maximum disturbance of the geomagnetic field during those days, we compared the different magnetograms with the monthly mean diurnal variation. These changes in the geomagnetic field are shown in Tables 6 and 7 , respectively, for two and three days after the corresponding event. From these measurements we realize that these disturbances vary from 36 to 595 nT, corresponding to solar flares classified as X6.5-class and X17.2-class, respectively. The maximum value of the disturbance for each day is shown in the Figs. 4 and 5, corresponding to two and three days after the solar flare, respectively.
Additionally, in observing the HGO magnetograms corresponding to dates of the flares selected from Table 3 , in 23 out of 87 cases we observed the emergence of peaks of the variation of H in the time corresponding to the solar flare. For instance, in the upper panel of Fig. 6 , we have the peak of the solar flare at 17:40 UT for the X17-class flare on September 7, 2005; whereas in the lower panel of Fig. 6 , we find a peak of the disturbance of the geomagnetic field at 17:54 UT in the HGO magnetogram. To view better the result, in Fig. 7 we displayed the start and end of the flare, as well as the time of the peak of the geomagnetic disturbance; it is observed that all peaks are within the flare duration time, whereas in the HGO magnetograms all these events occur within an interval from 09:00 to 24:00 UT. To see if the peak overlapping has a preferential relationship with the flare occurrence location on the solar disk, we proceed to place them on it (Fig. 8) . We observe that these flares are mainly located in the southern hemisphere, but they are also located in the northern hemisphere between -30
• to 10
• longitude, and from -20
• to 20 • latitude. In Fig. 8 , it is also indicated the class of the X-flare and the maximum disturbance of H. No connection of these data with their location on the solar disk is observed. Table 7 . The geomagnetic field's maximum variation three days after the dates from Table 5 . In Fig. 9 , we show a comparison between the integrated flux of X-class flares and the peak of the local geomagnetic-field disturbance. A weak correlation between the two data appears whenever the integrated flux is greater than 0.5; and, finally, in Fig. 10 we have a plot of geomagnetic field disturbance versus X-class flares. 
CONCLUSIONS
For the period 2001-2010, we conclude that there is no relationship between the daily flare indices and the daily global-magnetic-activity indices. However, a peak overlapping appears when we consider the corresponding monthly indices which indicates that the solar flare events and the disturbance of the local geomagnetic field are not simultaneous.
For more than 80% of the X-class flares, a strong disturbance of the geomagnetic field is observed after two to three days. However, when we plotted the intensity of the disturbance versus the classification in X class, there was no relationship between them.
Some solar flares coincide with the disturbance peak of the geomagnetic field. In these cases, there is a weak correlation between the magnitude of the disturbance and the total flux of the solar flare for values higher than 0.5 of the total flux. Prouqavali smo lokalnu varijaciju geomagnetnog poǉa izmerenu na Uankajo geomagnetnoj opservatoriji u Peruu, u periodu od 2001. do 2010. godine. Prvobitno smo tra ili odnos izme u SFI vrednosti koja se svakodnevno prikupǉa u Nacionalnom geofiziqkom centru za podatke, NOAA, i odgovaraju eg geomagnetnog indeksa, ali veza nije ustanovǉe-na. Pore eǌe izme u meseqnog indeksa geomagnetne aktivnosti i proseqne meseqne vrednosti SFI indeksa je daǉe omogu ilo posmatraǌe vremenske korelacije izme u ovih proseqnih indeksa. Iz ove korelacije sledi da se Sunqeve erupcije ne odra avaju istovremeno na odgovaraju e magnetne indekse. Da bismo istra ili ovu pojavu, izabrali smo najintenzivnije erupcije klase X, a zatim posmatrali poreme aje magnetnog poǉa iz magnetograma sa Uankajo geomagnetne opservatorije. Pronaxli smo neke poreme aje u lokalnom geomagnetnom poǉu u drugom i tre em danu nakon odgovaraju e Sunqeve erupcije, me utim nije na ena korelacija izme u veliqine poreme aja lokalnog geomagnetnog poǉa i klase X Sunqevih erupcija. Konaqno, prime eni su neki poreme aji u lokalnom geomagnetnom poǉu koji su istovremeni sa klasom X Sunqevih erupcija, i oni pokazuju korelaciju sa ukupnim fluksom Sunqeve erupcije.
